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Introduction 


This  report  summarizes  services  provided  to  Dr.  Lynne  Marshall  as  well  as  work  done  in 
our  own  laboratory  between  February,  1994  and  May,  1997.  This  grant  was  originally 
submitted  in  January  1992.  Absolutely  no  funds  were  received  imtil  1995;  however.  Dr. 
Marshall  was  provided  with  and  expected  assistance  beginning  in  1993  -  1994. 

My  laboratory  has  been  conducting  research  on  the  effects  of  brief  intense  sound 
exposures  knovra  to  produce  temporary  threshold  shifts  (TTS)  since  1986.  We  have 
m^ur^  the  effects  of  intense  sound  exposure  on  psychophysical  two-tone  suppression 
and  cubic  difference  tones  (Norton  and  Mott,  1987).  In  addition,  we  have  investigated 
the  effects  of  intense  sound  exposure  on  spontaneous  otoacoustic  emissions  (Norton, 

Mott  and  Champlm,  1 989).  We  extended  this  paradigm  to  study  the  effects  of  prior ' 
and/or  concurrent  contralateral  stimulation  on  the  effects  of  intense  sound  exposure 
(Norton,  Mott  and  Neely,  1989).  Most  recently,  we  have  been  investigating  the  effects  of 
intense  sound  exposure  on  transient  evoked  otoacoustic  emissions  (Norton  and  Hayes, 
1990;  Hayes  ^d  Norton,  1991).  This  work  has  occurred  in  conjimction  with  our  work  on 
the  relatioriships  between  evoking  stimuli  and  the  characteristics  of  evoked  otoacoustic 
emissions  in  normal-hearing  and  hearing-impaired  subjects. 

The  services  we  provided  to  Dr.  Marshall  and  her  laboratory  included  the  following: 

1 .  Software  including  source  code  to  run  experiments. 


2.  Circuit  diagrams  for  construction  of  hardware  to  conduct  experiments. 


3.  Experimental  design. 


4.  Continuous  telephone  consulting  with  the  staff  at  Gorton. 


In  addition,  we  conducted  several  pilot  experiments  on  the  effects  of  noise  exposure  on 
evoked  otoacoustic  emissions  (EOAE).  ITie  initial  hypothesis  proposed  in  the  grant 
application  was  that  EOAEs  would  be  a  sensitive  tool  for  monitoring  the  effects  of 
mtense  noise  exposure  on  navy  personnel.  As  seen  in  the  attached  abstract  of  a  paper 
presented  at  the  Midwinter  Meeting  of  the  Association  for  Research  in  Otolaryngology  in 
February  1997,  our  findings  do  not  support  this  hypothesis. 
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Abstract 


order  to  identify  persons  with  early  noise-induced  cochlear  damage  and  to  predict 
susceptibility  to  future  damage  it  is  desirable  to  develop  a  test  that  is  sensitive  to  effects 
°  auditoiy  system.  Traditionally,  hearing  has  been  monitored 

with  behavioral  methods  which  require  a  10-15-dB  shift  in  threshold  to  be  considered 
significant.  More  recently  otoacoustic  emissions  have  been  studied  as  a  method  which 
may  show  ^lier  effects  of  noise  exposure,  and  thus  are  useful  for  hearing  cons^ation 
pro^ams.  The  present  work  was  undertaken  with  the  aim  of  developmg  a  test  method 
applicable  to  the  militaiy  population.  Following  a  brief,  intense  noise,  distortion  product 
otoacoustic  emissions  (DPOAEs)  were  measured  in  normal  hearing  young  adults  for 
several  conditions.  Behavioral  thresholds  were  measured  using  a  Bekesy  procedure. 

^  involved  a  DPgram  paradigm.  F2  ranged  from  1.0  to  4.0  kHz,  with 

cm  either  Ll=70  dB  SPL,  L2=60  dB  SPL  or  Ll=  65  dB 

SPL,  L2-45  dB  SPL.  The  exposure  was  a  100  dB  SPL,  1/3  octave  band  of  noise 
centered  at  1 .41.  kHz.  Results  showed  a  consistent  decrease  in  behavioral  thresholds  at 
2.0  kHz  imm^ately  followmg  exposure.  Only  one  often  subjects  showed  a  consistent 
toe^e  m  DPOAE  amplitude  for  any  F2  fi^uency .  In  a  second  series  of  experiments, 
Ui'UAh  input-output  functions  were  obtained  for  F2=4.0  kHz,  with  F2/F1=1.22  and 
L1-L2+15  dB,  before  and  after  exposure  to  a  100  dB  SPL,  1/6-octave  band  noise 
centered  2  28  kHz.  Pre-exposure  I/O  functions  were  very  stable.  In  response  to  low  to 

moderate  level  stimuli,  DPOAE  amplitude  tended  to  decrease  immediately  post¬ 
exposure,  mcrease  and  then  decrease  again  (i.e.,  bounce).  While  for  both  DP  paradigms 
the  time  course  of  the  DPOAE  amplitude  shifts  roughly  paralleled  threshold  shifts,  there 
was  significantly  mter-subject  and  intra-subject  variability.  Behavioral  threshold  shifts 
w^e  consistently  more  robust  than  DPOAE  changes.  The  results  of  these  experiments 
®  that  (1)  we  did  not  use  appropriate  paradigms  to  detect  consistent,  robust 
to  of  TTS  conditions  on  DPOAEs;  or  (2)  DPOAEs  are  not  consistently  affected  by 

lib  conditions.  (Work  supported  by  Office  of  Naval  Research  and  NIH  grant  T32 
1^000033 .) 
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BACKGROUND 

Exposure  to  mtense  sound  can  result  in  either  temporary  or  permanent  cochlear  damage 
in  both  humans  and  animals.  Traditionally  hearing  has  been  monitored  with  behavioral 
methods  that  require  a  10-15-dB  shift  in  threshold  to  be  considered  significant.  Recently 
it  has  been  suggested  that  evoked  otoacoustic  emissions  may  be  more  sensitive  than 
behavioral  thresholds  to  the  early  effects  of  noise  exposure  and  thus,  may  be  useful  in 
hearing  conservation  programs. 

The  present  work  was  undertaken  with  the  goal  of  developing  a  test  that  would  be  more 
sensitive  to  the  effects  of  noise  exposure  on  the  auditory  system  than  behavioral 
threshold.  The  hypothesis  was  that  such  a  test  could  identify  individuals  with  early 
damage  (i.e.,  before  a  behavioral  threshold  shift  is  detectable),  and  possibly  predict 
susceptibility  to  fhture  damage.  Such  a  test  would  be  very  usefUl  to  organizations  such 
as  the  military  or  industries  in  which  workers  are  routinely  exposed  to  high  levels  of 
noise. 

METHODS 

As  a  &st  step,  we  designed  a  classical  behavioral  temporary  threshold  shift  (TTS) 
experiment  with  distortion  product  otoacoustic  emissions  (DPOAE)  measurements 
interleaved. 

We  began  with  a  relatively  high-level  exposure  that  would  produce  clear  TTS.  Once  we 
found  a  clear  effect  on  both  behavioral  thresholds  and  DPOAE,  we  planned  to  decrease 
the  exposure  level  in  order  to  assess  the  difference  in  sensitivity  of  the  two  measures. 

In  Experiment  1,  DPOAE  amplitudes  as  a  function  of  F2  frequency  for  a  fixed  LI  and 
L2  were  measured,  i.e.,  “DPGrams”.  F2  frequencies  were  in  1/8-octave  steps  above  and 
below  2.0  kHz.  The  exposure  was  a  1/3-octave  band  of  noise  centered  at  1 .414  kHz  that 
is  1/2  octave  below  2.0  kHz.  Two  stimulus  levels  were  evaluated:  a  relatively  high  level 
with  LI  =70  dB  SPL,  L2=60  dB  SPL,  and  a  low-level  condition  with  LI  =65  dB  SPL 
L2=45  dB  SPL. 

DPOAE  measurements  were  interleaved  with  Bekesy  threshold  measurements  at  2.0 
kHz.  The  procedures  were  timed  such  that  both  a  DPGram  and  behavioral  threshold 
were  obtained  in  two  minutes.  There  were  two  “pre-exposure”  cycles,  followed  by  either 
an  8-min.  exposure  at  100  dB  SPL  or  silence.  “Post-exposure”  the  cycle  was  repeated  at 
0,2,4,6,8,  14,16,20,24,32,36,40,42,44,46,48,50,54,  and  64  min.  post-exposme.  Four 
sessions  per  primary  level  were  obtained  for  each  subject.  The  order  of  the  DPOAE  and 

threshold  measurements  alternated  between  sessions.  Sessions  were  separated  by  no  less 
than  24  hours. 

All  subjects  had  thresholds  of  10  dB  HL  or  better  for  audiometric  frequencies  from  250 
Hz  to  6000  Hz,  normd  tympanograms  and  nonnal  acoustic  reflex  thresholds.  All  subjects 
had  DPOAE  over  a  wide  frequency  and  amplitude  range.  However,  we  did  not  require 
that  their  DPOAE  met  a  minimum  SNR  or  amplitude  criterion. 
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In  Experiment  2,  DPOAE  amplitudes  as  a  function_x)f  stimulus  level  for  a  fixed  FI  and 
F2  were  measured,  i.e.,  input-output  (I/O)  or  growth  functions.  Parameters  were  selected 
to  enhance  the  likelihood  of  obtaining  significant  effect  on  DPOAE. 


Experiment  1 

Alternating  Behavioral  Thresholds  &  DPGram  Measurements 
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Experiment  2 

DPOAE  Input-Output  Functions 
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RESULTS 

Figure  1  shows  mean  data  across  sessions  and  subjects. 

•  Behavioral  threshold  shifts  were  larger  and  more  consistent  than  changes  in  DPOAE 
amplitude. 

•  DPOAE  amplitude  shifts  and  behavioral  threshold  shifts  following  noise  exposure  are 
not  correlated  (1^=.  04  for  Ll=65  L2=45  dB  SPL;  i^=0.1  for  Ll=70  L2=60  dB  SPL). 

•  All  but  one  subj  ect  showed  a  significant  threshold  increase  immediately  post¬ 
exposure  (F=6.737,  p<.  0001).  Differences  between  subjects  were  also  significant 
(F=9.049,  p<.  01). 

•  For  the  low-level  condition,  Ll=65  dB  SPL  L2=45  dB  SPL,  the  difference  between 
pre-  and  post-exposure  DPOAE  amplitudes  at  F2-1 .414  kHz  (i.e.,  on  fi-equency)  was 
not  significant  (p=.  4).  The  difference  was  significant  (p<.  05)  for  F2=2.828  kHz 
(i.e.,  +1  octave).  Consistent  with  previous  work,  the  maximum  post-exposure  shift  in 
DPOAE  amplitude  occurred  for  F2=2.0  kHz,  V2  octave  above  the  center  frequency  of 
the  noise  exposure  (p<.  001). 

•  For  the  high-level  condition,  Ll=70  dB  SPL  L2=60  dB  SPL,  the  only  significant 
dfference  between  pre-  and  post-exposures  amplitudes  occurred  at  F2=2.0  kHz  (p<. 

We  failed  to  find  a  consistent  and  reliable  effect  on  DPOAE  amplitude  post-exposure 
using  an  input-output  function  paradigm.  The  upper  panel  to  the  right  shows  data  for  one 
subject  for  one  session.  At  very  low  stimulus  levels  the  DPOAE  becomes  very  erratic 
post-exposure. 

The  lower  panel  shows  mean  (across  subjects  and  sessions)  pre-  and  post-exposure 
DPOAE  amplitude  shifts  for  three  stimulus  levels  on  the  I/O  function.  As  can  be  seen 
there  are  no  significant  differences. 

SUMMARY  &  CONCLUSIONS 

The  results  of  several  different  experimental  paradigms  were  essentially  the  same  - 
behavioral  threshold  shifts,  even  in  untrained  subjects,  were  both  more  robust  and 
consistent  than  changes  in  DPOAE.  These  results  were  surprising.  DPOAE  at  low  to 
moderate  stimulus  levels  are  dependent  upon  normal  outer  hair  cell  function.  Intense 
noise  sigmficantly  affects  outer  hair  cells.  Furthermore,  normal  outer  hair  cell  function 
is  generally  considered  necessary  for  normal  behavioral  thresholds. 

We  have  no  ready  explanation  for  these  results. 

•  It  is  possible  that  the  variability  in  DPOAE  amplitudes  across  subj  ects  made  it 
difficult  to  see  an  effect.  Because  the  goal  of  our  work  was  to  develop  a  more 
sensitive  test  of  noise  exposure  using  DPOAE  the  only  restriction  we  placed  on  our 
subjects  that  they  had  DPOAE  for  F2  from  1 .0  kHz  to  4.0  kHz. 

•  We  may  not  have  used  the  optimal  stimulus  and  response  variables.  In  addition  to 
the  experiments  reported  here,  we  have  looked  in  higher  frequency  regions  (F2=4.0 
kHz)  and  fotmd  the  same  results. 

At  this  time,  we  must  conclude  that  in  young  adults  behavioral  threshold  shifts  are  the 
most  reliable  measure  of  TTS. 
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Time  Post-Exposure  (min)  Time  Post-Exposure  (min) 


No  Exposure  Exposure 

F2=1.414  kHz  2  n  F2=1.414  kHz 

LI  =70  L2=60  dB  SPL  «  J  LI  =70  L2=60  dB  SPL 


No  Exposure  Exposure 

F2=1.414  kHz  F2=:1.414  kHz 

LI  =65  L2=45  dB  SPL  <o  4  LI  =65  L2=45  dB  SPL 


Behavioral  Thresholds 
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Subject  Oil  -  DPOAE  I/O  Functions 


F2=2.0  kHz 
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